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Marmetic Surveys

Ground Surveys of a General Characters

Bystematic magnetic surveys on the ground began in different
countries in the second half of the 19th century. Countries which
had well developed communications were covered with a dense network
of points of absolute magnetic determinations. Observations for
inelinations, tippings and horizontal components were carried out.
The distance between points varied in the countries (from 10 to
60 km), Observations in almost inaccessible regions, where dense
(Yeontinuous?) surveys were impossible, were carried out according
to individual routes of diverse density at distances between the
points on the routes of LO ¢ 60 km.

Continuous magnetic surveys were carried out: in France
in 188)~1895 at points 20 km apart, in England in 1889-1892 every
30-40 km, in Japan in 1893-1896 every LS km, in Cermany in 1898~
1903 every LO lm, in India in 1901.-1920 every 30-LO km, in the
U. S. in 1899-1937 every LO km, and in other countries as well.
Later on many surveys were repeated. .

Surveys in undeveloped and dependent countries were carried
out by expeditions of other countries, mainly by the U. S. A. :
Thus, the following magnetic surveys were accomplished by the Carnegie
Institute: in China in 1906-1936 at points 50-60 km apart, in
Australia in 1906~194k according to a scattered (mainly route)
network, and in Africa in 1905-1934 in accordance with the scattered
routes,

Megnetic observations in pre-revolutionary Russia were
carried out by individual scientists, together with different
expeditions, without any support of the Tsarist govermment. Thus,
for instence, in 1871-1878 I. N. Smirnov (an asgociate professor
of Xazan University) accomplished the first systematic scattered
recorrsissance survey of Russia. A mumber of anomalous regicns,
namely, in Xursk Guberniya, near the Urals and Riga ete, werc aic-
covered by this survey. Smirnov's thorough and accurate observaticons
nade it possible, in the future, to use his points for the deternination
of secular variations of magnetic elements, and also to define more
accurately available magnetic maps.

Taking into consideration the necessity of a continuous
magnetic survey of Russia, the Academy of Sciences, already in
1893, developed a project of surveys, but a shortage of funds de-
layed these measures.

Extensive undertaldngs in the field of study of the eari:'s
magnetism, conducted abroad ab the end of the 1Pth cemvwry and ab Uhs
]
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beg:tnning of 20th century, continued to stir Russian scientists,

In the 20th century the Academy ‘of Sciences raised agaia tho

guestion concerning the magnetic survey. M. A. Rykachev, who was the '
director of the Main Physical Observatory, in 1909 at the 12th
confercnce of Russian naturaiists and physicians said: "the nccessii;;,r’
of magnetic surveys in Russia is great, and if we will disregard ‘
T.cse m2aswreS, then dhis problem will be soived by Americanz.”
suiever, those surveys (at 66L points of continuous and at 51L points
¢l rovte surveys) were accomplished during the period from 1910 to
1927, due to efforts of the Russian Academy of Sciences, cortain
nstitutions and even private persons. Peterburgskaya, Novgoiodskaya,
Peloviiiya and Podoll'skaya Guberniyas were partly covered by a
continious magnetic ‘swavey. Certain rivers in Siberia and parily

tho north of Euwropean Russia were covered by a route survey,.

In 1917 only about L4500 points of magnetic determinations
uwcre found in the entire territory of Russia,

The systematic study of terrestrial magnetic phenomena ia
Ruzsia has begun only after the Great October Soclalistic Revole
weione  On August 21 of 1930 the Soviet Peoples Commissars of the
USSR docreed to carry out the genaral magnetic survey of the USSR,

The survey was undertaken in 1931, All accessible regions
ol the country, which had a developed network of commwiicaticas,
were covered by the comtinuous: magnetic survey. The average distance
between these points was 20 kme The survey in almost inaccsssible
and sparsely pepulated regions was carried out along rivero, roads,
paths and sea coasts. The average dlstance between these points
for route observations was also 20 km,

Rolative determinations of the 47 vertical component were
introducod every 2 km along the route of survey units, first in the
nost irportant regions and since 1935 in all groups of the gemral
ragaetic survey (GMS)e

The Peneral magnetic survey of the USSR was a great undcre-
toldng, and all magnetologists of the country participated in these
crerations. Pesides the bureau of the GMS of the Main Geophysical
Observatory, the following establishments participated in this
mreat work: The Moscow, Tashkent, Odessa, Sverdlovsk, Irkutzk,
m.za.n' Tifliss and Vladivostok magnetic observatories, the deuI’t"

;-..a:i Rostov-i)on urdversitics, the Main Hydrographic A&r&nist u.,lcm,
g Mdn Ad;rd.nistration of the North Sea Route etc.
’ —
Durin g the period from 1931 to 1952 altoget‘m* 531 cxocditm*xs
WIFe enrag acd in these opuraticis, and u.e Dy Hy and J omlnia w
LUURe o temndnations woro carriod oub ov 27,000 pola P o U

2o
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<.terrinations of the vertical components were performed at more than
100,000 pointse With respect to tempos of operations, methods of
observations and the control density of determinations of the AZ
vertical component, the general magnetic surveys were found betler
“han comparative surveys in foreign countries. As a result of tlicse -
operations, the general and complicajed character of the magnsiic
field of ths USSR was revealed.

Besides the general magnetic survey on the ground, a marins
magznetic survey was carried out both in the Soviet Urion cad abroad
ord, during recent decades, grourd detailed and aeromagnetic surveys
were also accomplished.

Marine Magnetic Surveys

Tre first marine observations of magnetic fields were perw-
formed more than 200 years ago (in 1698-1700) bty Halley (an Lnglish
cstronomer) on the sailing vessel "Paramour Pink", Before the 20th
century the total number of magnetic determinations on oceans was
insignifacant,. Inclinations were mostly observed chiefly along coasts
¢f continents and islands, These observations were performed on
vcats of different countries,

The systematic survey of oceans was initiated in 1905 by tho
Cornegie Institute of the Us S. During the 1905-1908 period aboub
Li50 points were surveyed by the boat "Galileo" in the Pacific Ocean,
wacre upon the average distance between these points was 200 sca miles.
Since 1909 the survey was carried out by the special yacht "Carnegie',
which was constructed in the U. S, During the 1909-1929 period the
Peeifie, Atlantic and Indian Oceans were covered by a network of
routes, which were 500 +1000 sea miles from each other. Tus distance
between the points was on the order of 100 + 150 sea miles. Thu
ro5t systematic network of routes was accomplished in the Pacific
Ccean, <.1 tho most scattered one in the Indian Ocean. Altogethor
during 1905-1929 about 6000 points were surveyed on oceans by ths
Us S¢ This smell number of determinations in the vast watler arcis
nade it possible to obtain only very limited data concerning mage
notic ficlds in these oceans. In 1929 the boat M"Carnegie" sank arnd
¢ magnetic surveys were discontinued for 25 years. Only in 1955
wore these magnetic surveys resumed by the Soviet non-magnetic
Sailing-motor vessel "Zarya."

Picture on pagé 10: The non-magnetic sailingemotor vossel "Zarya."

. The vessal “Zarya" is squipped with the newesd in:a‘;!;,-v:wra.m;:n,
vhith make 1% nansible 46 perforfi cbtinuous dvasufeisnis (i e
wodtle eleoonbs hile this veibel 15 sovings Due 1o Liovs Lieovoe
manbe the "aeeyal differs advanbagoously from the ¥epsel tGamedalt
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T~ 105021056 the "Zarya" carried out ceriain magnetic svrvoys dn ths.
Dol wim. Werih, Greenland, Baronts and Wnite Seas, ard defined more .
caruvately tho magnetic field within the limits of thesc scaz. Ab
pres.nd the "Zarya" 18 the only non~magnatic vessel whial, while ‘
participating in the work of the International Geophysicel Year (IGY),
also performe sed marnetlc surveys.

In accordance with ths progream of the International Geo-
physical Year (IGY) the "Zarya" during the pericd from August of 1957
Lo the end of 1958 carried out a mumber of expeditions in the At-
1nmtie ard Indfan Oceans. The "Zarya! left Leningrad in Avgust of
1957 =0 eovnleted the following passages: Leningrad-London-Halifasc-
whn Azores=Cadig-Durres=Gibraltar-Puerto Rico-Belen (Brazil )-Frestovia-
Takoradi-ruenos Aires-Cape Town~Perth (Australia)-Jakarta-Icland
lerridia-Colombo (Geylon)=Port Said-Istanbul-Odessas Convinuous maa~
suremants of geomagnetic elements ware carried out aleng the entlre
route, which gave new data concerning the magnetic field in these
oceans, In addition, the "Zarya's" observations, in places vhere
it crossed the passages of the "Carneple", mako it possible to dc=-
tormine the amount of secular variations of magnetic elements in
thece water areas during the last 30 + LO years. These data arc
very important for a more exact defimition of world magnetic maps.

Systematic magnetic surveys of the Arctic and Antarctic
Qcenons did not exist bofore the beginning of the 20th century.
A ennll number of determinations of magnetic elements, mointy of dco-
ciination were found only at individual points,

The magnetic field of the entire Arctic has not yet been
suf.ciently studieds The Soviet area is much better investigated
¢ to operations of the drifting stations "North Pole-1" and WBllorih

r "10"7" Y

Tho magnetic field of the Antarctic slso has rot yot beon
sufficlenily studied. There were observations'(mainly declinations)
oomecrimatoly at 800 points at sea and along sea coasts in this
vast aren, which is located to the south of 60° South Late pricr 4o
4th= beginning of operations of the Antarctic expedition. The Iirsb
roontic observations in the Antarctie were performed by I M. ‘
Simonov (o professor of Kazan University), wno was a particinant
of Dallinpgshausen and Lazarev's expedition, which was wndeortalon
on the aloops "Wostok" and "Mirnyy"e These vessels loft the pori of
ronshtadt in 1819, .

A dotailed investigation of the Antarctic is a part of tiw
program of the International Geophysical Year. At presert, several
proocavoicel stations of different countries operate in the Antarctze,
wicre together with magnetic observations a great compiex of geophyoical

L




irvestigations is carried out.

Tha chservatory "Mirnyy" and the stations: "Pionerskaya,*
U¥pmaomol 'shayn, ! "Sovetskaya', "Oazis", and "Vostok" have bzen ec-
ablished Yy the Soviet Union. The station "Vostok" is lccated near
the southern geomagnetic pole, approximately 1500 km from the "Mirryy®
2t an clevaticon of 3L00 m above sea level,

Detailed Ground Surveys

, A% the beginning of the 20th century & close interconnaeciion
between the earth's magnetic field and its geological structure was .
established. This interconnection is explainable by the faebt that
soparate rocks, which are included in the composition of the uvnper
crustal leyers. of different magnetic properties, cause varicus dice
tortions of the peomagnetic field. For instance, the smooth motion

of linos of force of the magnetic field above iron ore depocits i3
dicturtzd, and local distortlons of the magnetic field, i. ¢., moz=-
retic anomalies appear. Consequently, a detailed magnetic survey is
carried out in places where the presence of iron deposits 1s suspocted.
This survey rmust have a dense network of points, according vo which
map of the Z anomalous values is compiled. If necessary, such 2
urvey, in the most anomalous sections, can be more condensed, and
onatimas the distance between observatlion points can be brougzht to
eevernl metera. , '

1

17 0 0

Thus, using the magnetic method of geophysical prospecting, vhich
Jc the cheapest in corparison with other geophysical methods, we fin<
out the extent of anomalous sections, and then establish chafts,
boreholes ctec, According 4o data of a deteiled survey of the given
scetion, which includes anomatous variatlions, it is possidle to
c2leuvlate the depth of ore beddings, whicu caused this anomaly, ond
clco to deternine their forms. o
- \ »

The Xursk magnetic anomallies, which have been considered the
a5% in the entire world, ware discovered in the seventios by .
Srirnov only by means of magnetic surveys. A thorough study of the:
anoralies was intated at once at the beginning of the Soviev perici,
Lo a recult of detailed magnetic surveys, which were carricd out in
the Mol obiastt in 1919-1923, large deposits of iron oro were

SRS . ]
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2 wartical mognetic field balance wags invented in the twe 'loo
of the currcnt century, which made it possible to perform relative
measureuents of the A7 vertical component with great rapidity (3
rinutes of obsceyvation per point) and also with high accuracy, on
the order of 20-30 gammas. Due to these qualities the vertical

* i {a I olegc]
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rasratlic fio1ld belance has been used for detailed surveys conectns

uith the cewrch for mineralgse Durdng relative surveys the rlisoluts

velue of whz Z veriical corponent is not measured, bub only i

increase +A7 or decrease -AZ with respect tothe initizl point of

relative Surveys. If the absolute value of Z is known at ihd

iniviel point, then ib is easy to transfer the AZ values at all

the noints ol 8 relahve survey into absolute values., As lorger

and loxgor arecs were covered by surveys, now features of a geomag-
2tlc field wera developed, and the importance of gcoma retic

f:.olu for geology increased,

At precent the magnetic method of prospecting is used not
o:ﬁ.y for the search of minerals, but algo for the aclution of cer-

n problems connected with structural geology. In the lact case,
rrnnt ¢ owveys sometimes envelop large areas. Aeromagnetic suvrveys
geophysical prospecting were initiated in the thirties of the
sent century.

Aeromagnetic Surveys

Ao As Lupachev, who is a Russian geophysicist, is the crentow
of the eoromagnetic survey. Beginning from 1936, for the first tir
in the world, a relative aeromagnetic survey of the AZ vertical
comporent waz carried out by Lugacheve This survey was performed by
rrans off Lesachev!s device, the so-called induction Z aeromagnetomntor,
in order to discover deposits of mineral resources, Later on, svch
eromagnetic surveys have also been extensively used abroad.

(J

Vast areas were covered by the AZ survey (at scalcs of

1:1, 009,009, 1:200,000 and larger), and is is especially importan®

tha t distant regions were surveyed, which before due to the lack of
roads were almost inaccessibles Aeromagnetic surveys, if relief was
level, were carried out at a low altitude, on the order of 200-300
rriergss  Anom:lles discovered by these surveys' later on were defincd
mewe aceuravely by the AZ  relative ground magnetic surveycs, 45

a resvdlt of ae; omagnetic operations, many important ore depocits vera -

K] - Y
CLOCOTATC U,

: M insufficlent accuracy of aeromapnetic surveys (on the order
of £200 guns) made it impossible to use them for detecting small
diguortions of the magnetic field connected with the structuro of
upper layers of the earth's crust. Consequently, the rescarch for

2 more perfect construction of aeromagnetometers was extended.

Durirz the last decade, a higheprecision T-aeromarnc uomc’ o
vaz finelly deviced for relative measurements of the full forca o th"

T peomnusile fields This instrument provides a marretic "“W:ey conen
motion with on accuracy on the order of several.tens of gamrins,

-
TC-953




3

VYast orens in the Soviet Union and also abroed are covered by -
tha AT acromroratiec surveys. Inthe near future the entirs territory
of tho Sowict “n..on will be covered by such surveys at a scile of
1:200,000 und largere At the same tima; ground surveys also will
be coxiied out for a more exact definition and detalls of rrporate
areas of ceromagnetic surveys.

M wnetic Observatories

Continuous and high-precision measurements of elements of the
earth's magnotism are carried out at magnetic observatories. In order
to avoid industrial disturbances (electric current creates an additional
nagrotic field), observatories are usually built far from towns, ’
clechrified railroads, trolley lines etcs

Pavilions, where instruments are installed, rust not contain
magnetic materials., A1l metallic parts of these pavilions (pipes of -
heating, nails, loops, doorhandles etc) are made, from non-magretic
materials (brass, bronze, copper)s

At prosent, more than 100 operating magnetic observatories
re found in the entire world, and more than 20 of them are leccated -
in the Soviet Union. The list of the magnetic observatories loca qu
in the Soviet Umion is shown in table 1. '

Table 1,
Latitude Longitule
Nome of Observatories (+ lg: N
. : @
Tithaya Boy +80° 20! 52°L3t
Cepe Chelyuskin +77°L3! 1ckeaTe
sckson +73° 30! 8oe 2Lt
Tiksi Bay | +T2° 1101 12877
Marmansk . +68°571 339057
Tellon | , +66°10¢ Tocr s
Sroivikan +62° 261 2, "’ mrore
Talnatsk +62° 01 Y 2267 L0
Leninerad (Vooykovo) +59° 571 307 Lot
Sverdlovsk (Vycokaye Dubrava) +56° Lt 61° ¢yt
Kazon! (Zzymishche) : - 455°501 LBt
Moscow (Xrasnzya Pakhra) 4552291t 3Pt
Irikubsk (Zuy) +52°281, 10hL° 02,'
Hev +50°L3! 30° L
Ltvov +L,905h| 30! r"
Yuzhno=Sakhalinzk . 4462571 1h2e 3t
Odessa (Steponovka) +16° LTt 30° 541
Vliadivostok (Gornotayezhmya) +13° 39! 132°31t.
752953



TAAsE (Dulatd) +)2° 051! uhe

Teoshimn (';'..f;les ) ' ! +13° 25 ) 69,: "k
Astliebed : +37°56" e
1 | ~66°331 03¢
Plonzreliaya ' -69° Lt SECREeE
Voste: -78o 27' 1060 52 '

The observatory, which i1s located at Tikhaya Bay (on Franm
Josa? Land), is the most northern of 2ll the magnetic observations
of the USSR, operating at presents Tha observatory "Vostok" lo
the rost soushorn station, which was opened at the end of 1957
(for the pericd of the International Geophysical Yeor) in the arca
oZ the southern geomagnetic poles

It is very likely that some of the opened temporary magnetic
and geophysical stations (during the period of the International
Geophysical Year) will be maintained as permamnent operating obscrvatories.

Instruments for the D, H and Z absolute measurements and aleo
for the recording of time variations of the magnetic ficlds are found
at these observatories. They are called magnetographs and consict of
the D= ard Z variometers and the recording part.

The worldng principles of the magnetograph are very simple. : ‘
Magnets of the D and H variometers are suspended on vertical threods
and can revolve in the horizontal plane, the magnet of the Z variometer,
having the horizontal axis of support, revolves in the vertacal planc,
A than shaft of light from a small electric bulb, reflecting fron a
~irror which is securely fastened with the variometer magnret, fallc on
the phototope put on the drum, which is uniformly  rotated by means
of 2 clesiwork (usually at a speed of one turn within 24 hours).
A comtinuovrs line, l.e., 8 curve. of a different degree of bend, de-
peiing on the position of the magnet, appears on the tape after
the development. The second pencil of light reflected from the fixed
mirror traces a straight line on the ‘tape, which is called the base
line.

The tape of the magnetograph (magnstogram) is shown in Fig. 3.
The distence in millimeters from some point of the curve on the tape
to the base lire for any moment of time, for instance for Sh 1lbmir,
rlsinlied by the sensitivity of the variometer (a scale of a millimober
intervnl cxpressed in gammas or minutes), yields an amount of defloction
(2n ordincte) of a magnetic element from the base line in the given
time. Durinz the processing of tapes in observatories, an aver:re
amount of the ordinate of curve is found for each time interval with
the duration 60 minutes from the whole hour to the next, and according
to this amount the average value of the corresponding magnotic element
for tnis interval of time 1s determined. Each observatory, according
to its tanes, prepares monthly tables of such "average hour" values of
ragnotic elcaents for every hour, day and montl.

TC~553
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e 3¢ A magnetograph tape of the observatory located in Voeykovo

with recordings of the D,H and Z var10m~ters, "basis" line (D ot Eg Zo),
and hour markse

Absclute observations make it possible to obtain values of
magnetic elemants, which correspond to base lines, and consequently
to exprecs data of megnetographs, for anmy moment of time in absoluie
anountse ’

During magnetic surveys in areas far fron magnetlc observatorics,
field variotion stations are used, which are 11ghter and more cormact
than instruments of observatories.

Results of observations of magnetic observatories for each
ranth are shoon 'in tables of howrly values of magnetic elements, vhere
mean, mirdmun and meximum values of magnetic elements (for a month)
arc irdicated, Average anmial values are obtained from average
monthly datna

These tables are also used for the introduction of corrections
for variati oo in values obitained during magnetic surveys. When wvolvos
of magnetic eclements are sharply changed, then corrections fox variations
zre dotermined directly from magnetograph tapes.

Graphic Representation of the Earth's Magnetic Field

A very convenient and graphic method of isolines, i.e., lince
trnccd through the points with the same values of magretic elcments,
i3 usually used for the representation of a megnetic ‘ficld on maps
Imnlines of secparate elements have a spnc*al name., Isolines of aine-
cl:':tlcn are called iscnone, isolines of J_pp'mv---“-‘oc1 cs, ard

In view of a contlnous change of magnetic elements, later on
corrections of variations are 1ntroduced inmo their valucc.

Owrorvrations carried out at different points during variovs
hours, duys and years are brought to a single moment of time, usually

C-/aJ
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to the r'A%a of the year, for instance to July L of 1¢00. Later on,
these reduced volues of magnetic elements are plotted on mens.
Fapnotieo 8 differ depending on the area, scale and degree
of represuyntation of the magretic field, which they emvelep. Thug,.
larne~gscale maps are constructed for small areas of detailed swrveys
with a dense network of points, which describe all characteristics
of the fieclé. Small scale maps with smoothed isolines are canrsiructed
in those cases when details are unnecessary for large territoriecs, and
ruly basic features are reqquired. Magnetic maps of the entire earth,
the so-cz2lled world magnetic maps, belong to smallescale categories.
The world magnetic maps of inclination, horizontal and vertical com=
ponents, of the 1950 epoch are shown in fig. 6,7 and 8. These mps
are ccnobructed by the Scientific Research Institute of Terrestriazl
Mognotism, Ionosphere and Radio Wave Propagations

It is obvious, even with a brief survey of these diapgrams, that
the isodynardc iines of the horizontal and vertical corponent have o
direction close to geographic paratlels, and the isogonic lines are
mainly directed along meridians. All the isogonic lines come tozcther
2% four points of two magnetic and two geographlc poles. The geo-
grapivic poles are outside these diagrams. The magnetic pele found in
the northern-hemlisphere is called the north magnetic pole. The mug-
noile pole found in the soubhern hemisphere ls called the south
magnetic pole.

TC-953
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trrrovdinate coordinates of the magnetic poles shown onthe -oxli

magnsztie = 0 of the 1955 epoch are:
Yoy Pole @ =7,® Y, Lotituls
' A =2060° L. Dongitucse
South Pole ? n6%° S, Latitude
A =1h5° E, Longitude

The J = 0° inclination and the H = 0 horizontal componsnt arc
&% the magnetic poles, therefore, the magnetic needle which revelwe:n
freely arourd the horizontal axis (the dip nsedle), will settle
verticelly at the magnetic poles, withthe northern end dowrmards
a % the Neorth Pole, and withthe southern end down at the South Pole,
¥e know thet the compass needle which revolves in horizontal plane,
cooumes certain position owing tothe directive influence of the heri-
zontcl ccrponent only. Consequently, the compass becomes uscles: ab
1

che magnetic poles where the horizontal component H equals zoro.
tecause the cormass needle there will preserve any imparted positione

In addition tothe magnetic poles, isogonic lines also converre
at the pgeographic poles. This foilows from the very defis<tion
of daclination as an angle between the magnetic and geogrohic meridiens.
Since all the geographic meridians converge at the geogropnic pole,
the declination there will assume all the values from 0° to 360°. i.=2.,
it will becomz indefinate, even if the compass needle adopts at the geo-
grophic pole a single and quite definite bearing. Consequently, the
compass cannot be used at the magnetic poles, if we have only the mop
of magnetic declination. Therefore the modified maps of declination,
dees. the maps of directionzl angles are used for the fiights in Lin
clreiunpolar regions.

The distribution of the isoclinel lines on the surface of “he
terrcstrial globe is close to the distribution of the isodimnomic liizs Za
The inclination decreases gradually from 90° at the poles, o zero
around the equatore. The zero isoclinal line, rounding the terrestrinl
globe, passes near the geographic equator. It is called the mapnetic
equators The vertical compornent, which has the maxirum valuva neny tha
roanetic poles (0.60 and 0.70 oersted), decreases to zero at the magnotic
equators The horizontal component, on the contrary, hos its maxime: volue
ab “he rneoeetle equators it is equal here to O.L oersiod, and grodulil
cases tovards the poles.

~
Q
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wructier o7 the Tarth!s Magnetic Field, Mamnetic Anor-lies

i

In the {irst, rather rough approximation, the earth's magnetic
field can be presented as a field of a globe with a uniform magnetizations
tho directicn of its magnetization forms an angle of aboubt 12° with the
earta's axis of rotations The scheme of such ficld is given in Figure 9.

1




— \F/ : \

- \\\://\
ATV '

S

Tigmre Se The Field of the Undformly Magnetized Globe

15




Tha raints on the earth's surface, where this surface 13 interse
L 1 pxig of srmmotry of 2 main part of the earthls :
ard he exrih's uniform magnetization,  are called gecmniin iz »o
Acro-ding Lo computations, these poles are: at thu zoimt 707 I2° . Lata,
292° o, Long. in the northern hemisphere; and at the point 70°30' S. Lad
113° Z. Long. in the southern hemisphere. The conventional pcoltzrc
direction of the mapnetic field's force lines is a direction in which
will chif% the positive magnetic mass, introduced in this field (It
Z5 telen for granted that the positive magnetic masses are concentratcd
in the no~thern end of a magnet). It is therefore believed that the
force lines of the earth's magnetic field coms ocut on the earth'sc ~uwr-
face in the southern hemisphere, and go inbo ‘the interior of the carih
in its northern hemisphere. In the case of uniform magnetization, th-
magretic elemonts must change smoothly from point to pointe. In reality,
thls is not observed with the actually-cxisting terrestrizl field. Lven
on the smoothed out world charts, the monotonous change of the volue
of mognetic elements is badly disturbed. TFor example, a largs region
(F*gure 8) exists in the northeastern part of the Soviet Union, whers
the vertical corponent reaches the value Z=0,60 oersted, i.c., such,
as oxists in the region of the northern magnetic pole, and the mopmeilc
declination becomns western and not eastern (¢;g. 6), as it were in the
cass of homogencous magnetization only.

thed
-

On the charts of actual distribution of the vertical compenc:
vith unsmoothened isolines, one can see nurerous disturbances in a
smeoth variation of Z in the areas, relatively small by size. Thesc
disturbances are caused by heterogeneous magnetization of rocks in
the earth®s crust, by their variable thichness and tectonic disturbancesa

anortlies, which are subdivided into local, regional, and tihe worlid

mc"”ﬂzlc anomalies.

The distortions of the magnetic field are callzd i _marmio

The local anomalies are local disturbances of the field, and .
obzervaed over areas of several kilometers. Such arﬂ*"1¢ ars
owing to the influence of rocks of limited extent, embedded near i

Q
{3
=S
g

~ry

)
-t

157 6

Tho rezional anomallies cover areas which spread for tcns and
hundreds of Square idllometers and are caused muinly by the struchural
»
petrogsrap!.le, or tectonic formations,

Tha world anomalies, involving territories of whole continent.
do not have A fenerally accepted explanation for their existcncen Soon
marnetologists believe that these anomalies are asscciated with the
processes, taking place in the earth's core; the others aszume that thwese

e vl

anmenalies arise from the magnetic rocks in the earth'!s crust and in *“

(YN

subcrustal layer of large blocks or platforms,
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Ceruest concists of coparate, relatively stable segments or »l:

Jecordirg Yo the contermporary geolesical ideos, ths

sonnatod iy lecs stable and more mobile sectors, or gecoy.cliueT.
: “”, forred by the ancient crystall;ne rocks, contnin o
{ wrotrusions. For example, the protrusions oI iz
f r“. appearing on the surface in Sweden, Finiand, Kercilo,
a8 wc’l 2s on the Kola Peninsula, are the sources of numerous local
areoralies, well-knowm in these regions. On the sites of depressions
in the platforms where thick deposits of slightly magnetic scdimentary
rocks are accumilated as, for example, in the lowland of the Cacpinn
Repion, +he mogaetic field is notable by a very stable characuer.

The stoble magnetic field of the earth can be regarded as a
g of flclds of wniform magnetization, and a field of the world,
regional and local anomalies. Let us denote the intensity of the f{ield
of unifornm magretisation by To, and the intensities of the world, r
gional, ard local fields, respectlvely, by Tys Tps and Tye Then,
**ﬂ intensity of the observable fleld can be repregen"“ﬂ by the
expression

Tl o+ Ty T #Ty o

The sum of the fields of unliform magnetization and of the "owld
anomnlies, T4+, are called the "normal" magnetic field. The normal
fiecld is used to single out the reglonal and local mognetie cnomnllec,

, We denote the normal field by Ty, and represent it in the followe
ing woys ,
TneT=Tp=T7e

Concequently, to obtain the normal field, the fields of reglonol
and local anomalies must be subtracted from the obuervable Tield,

In practice, diverse methods are employed in the compilation of
the charts for 2 rormal field of magnetic elemonts. They are equally
good with respect tothe resulting accuracy. W;th respect o the

external eppearance, the charts of normal field 'resemble the world
moonetic chaoris,

Fmnthnnes Concarning the Origin of the Coraiont Masnetie Teld ~7
tho Sarth

Canes i theoxy was nob anplicablﬂ to tae causes of the - r-

woin p??:l“'m, relovant to ;ts nat ure, Onc of such »roll 3

the rronlom om the sites of the sources, whilch create the tor-

trial ramotic fields Gauss! theory mads possible the representatlion
the earth's magnetic field inthe form of two fields: <tho field, .

o seources ol vnlch are located inside the earth; and thc ficld
originating from the sources outside the earth. It turned ouvt that
the Cield of internal origin constitutes 9u%, and that of tho exitornal

TC=953
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orlely spounts to 6%, The veality of the externsl sourses voodns
atiit to be nroveds Lately, the cpinion heeeoras more and mowg pogaiar
phat, with p moye exact imovledge of the earthls magnetie field, who
eomotoiiony in eonformity with the Gaussian theory would lexd to

the zero valus for the externally caused field.

A number of hypotheses were formulated during the latest
decades, With the aid of these hypotheses, the atiempts were modo
to cxplain the causes of the earth's magnetism, bub up to now thern
iz rot 2 sinrgle, generally accepted hypothesis, which couwld saticinc=
torily erplain the constant terrestrial magnetism.

A detedled exposition of the hypotheses is outsice the scope
of this lecture and, therefore, we will explain in the follc:ing o'y
e main points of them,

A1 the contemporary theories on the terrestrial magreticm
can be subdivided into two main groups: the theories which explain
the madn part of the earth's magnetic field by means of eleciric
currents, and the theories based on the assumption that almost the
whole magnetic field of the earth may originate inthe earth's crust.

It is well known that the electrical current is alwrys accom=-
vanied by magnetic fielde The magnitude and the trend ol this field can
be computed procesding from certain laws of physics. -

The theories of the first group assums that the main part of
the eorth's magnetic field originates from the electiric currcnts which
circulate at great depths in the liquid core of the earth. T argument
nf thece *heories is that, with the existence of corresponding mochanicsl
motisns of a substance which composes the liquid core of the carth,
the mognetic field in the core, negligible at the beginnine, nay in-
creass up bo the magnitudes which correspond with the actvally-od-
servable ficlds Thus, these theories are based on a series of hypolhes0s
on the existence of initial magnetic field and motions in the core
off the earvh, L«8e., on the thcories, which are.not substanticted 28 Jole

The theories of the second group are based on the asswmilons |
that the earth's crust has in its different sections a varicble guontity
of magnetic rocks and, therefore, can serve on the whole as a sowrce
which creates the principal part of the earth's mognotic field wih itc
croracteristico. These theories, likewise, moke use of a nories of
ooowmyvieng which so far were not substantiated by cxperimantation onf,
therelore, have to be regarded as hypotheses.

The Variable Magnetic Field of the Farth

Corponents of the Varalble Magnetic Field of the Earti.

Tha carth's magnetic field is a sum of iwo fields: conston’ in

BOT VIV

terns of time, and variable. The field, variable in tims, superinmooin:

s ey
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W wonetord L£5eLd, oaugen tha changes dn ths gonaral mammatia 06070
ol the eariie  Abthough the mugnitude of the varisble n IJ.Y“: u,c Mol
iy vapy el and amounts throughout the meet part of the *Ym orly

t9 G,le. 2o of the value of a constant field, the studica ol the
variablo fiild are very imortant in view o*‘ the fact that the variable
{ield is ascociated with a number of heliophysiecal and zcophysical
phenomena, such as the corpuscular and wave-radiation of the sun,

the propagation of radio waves, and the auroras. Further studies

ol these phonomena and their ﬁnterrclations}rlps will probably be
helpZful in finding out the causes ¢ the terrestrial magnoticm,

It was found out by studying the magnetograms that the vori-
T the magnetic field (or the magnetic elemonts) are sometirns
: sometimes of a disorderly nature. The variations in the
first instonce are described as undisturbed variations, whereas in the
nd instance they are known as perturbcd variationse The 1~.nd_'_uw“‘f~?d
¥ ".L. tions are strictly periodical. They include: solar-diurnal varl~iions
wi nh the diuvrnzl periods, associated with the diurnal rotation of thz
s eorthy lvnar-diurngl variations, the gr—*r:.od length of which is equnl
uo the lunar period of revolution (2LB 50™ 285 mean solar time), associ=-
tad with the diurnal rotation of the earth with regard to the moor;
un:x*cal variations with a period equal to cne year, caused by the rc-
voLution of the earth with regard to the sun. Among the perturbed -
variations we can likewise single out certain periodical varlationss
perturbed dlurnal variations with a period, equal to the solar 2i-
howr periods; and the magnetic pulsations, the period of which lasts
for several minutes or secondse

The lunar-diurnal variations are very small and are usually no
taken into consideration in the virtual magnetic surveys. The annual
variationu are likewise small and, therei‘ore, we do not intend to

discuss these two types of variations.

Lmone the irregular types of perturbed varlations we will
discuss in greater detail only the magnetic storms.

Al
3

Marnetic Activity

w0

elemonts undergo the smooth and regular varlations. Magnetically per-
turbed deys are the days when the magnetic clements are per**:bﬁd to
& leacev o eraater degree. The disturbance degree of magrnatic ficld
for the %ime interval in question is called the magnetic activitye

Magnetically calm days are the days, during which the magnollic

Tkore are several methods by which the masznetlic activity con
be deteorndned. The simplest among them result in an estimate of tho
sinuosity of lines on magnetoprams., DBy using this method, the mapgnetic
actlvity 15 characterized by arbitrary numbers O, 1, 2, which are
called the geomagnetic characteristics. If the diurnal chanzes of
the curves on magnetograms are smooth within Ln@ boundarics which

TC-35
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correne T Ha the diurnal variations, then the mogratle achivity for
sonoein o ml porlods 4s regarded as equol o0 zero. In the cnoe o7
Shoses woelntions, the magnetic activity is characterized with fthe 2am=

La , S
. N

The analysis of the variations has revealed that the mag-
netic activity is closely associated with the solar activity. One of.
tho menifestations of this solar activity is the spot-forning activity
of the stn. The number and the area of the spots on the sun's surface
change: eontinuously, and at times the spots disappear completely. The
continuous observations have revealed that these variations are cyclic:
the maxizms and minimums of the spots recur approximately at 11 '

£ 2 N -
TOAY LNNEerViLiEa

Tn solar spots are places of enormous turbulences, appearing
at times on the sun's surface. As we know, the sun is a glowing ‘
gesoous sphers, consisting mostly of hydrogen, helium, and vaporized -
metals, The temperature of its luminous surface or photosphere is
62C5°. The temperature in the interior of the sun reaches one million
dozrees. Under so high temperature the atoms disintegrate into their
ccrponent parts. The atomic energy set free in the interior of the -
sun as a recult of disintegration is the source of its radiatlon. .
The turbuwlcnces of enormous dimensions, in which the rapidly-expancing
passes cool down, appear occasionally near the sun's stwrface. Con=
sequontly, the places of turbulence on the luminous photosplcro appoar
to us as dark spots. "

!

Out ¢f the miscellaneous wave radiation of the sun, the ulirA
violet radiation, under the influence of which the ionization of gos
Lok~ place. is the most interesting with respect totie mowledge cf
th- nature of voriations. Owing to he ionization, in the upper leoy-oxr=
of the earth's atmosphere the layers are formed with a relatvively
gront electyical conductivity. Electrical currents which conae ceritain
types of magretic variations may appear in thesc leayerse

A}
13

Fesides the wave radiation, the sun ermits into the surrouncirz
space strooms of corpuscles or particles, which carry the chorgec
loaded with the positive and negative electricity. The streams of
corprscles, o5 a result of the reciprocal action with the cemstanc |
macneiie Sield of the earth, create on it the magnetie achivuty ond,”

-
~me
5008

in periicslen induce the magnetic storms,

The solar activity is usually measured by a characteristac,
based on the counting of the spots £, visible oz tne sun, as well &8 o
the counted number of the groups of spots g. This characteristic, or
mosure of solar activity is given the name of W (Wolf sunspot) number,
and is corputcd by means of expression

Waf410g W

TC-553

20




ne relation between the magnetic and solar activity beceros
clearly evident when we compare the corresponding data for mony years.

Fig. 10 shows the graphs of solar and magnetic activity Lor

the period from 1830 to 1930. The.graphs show that during the years of
the mazirmm of solar spots, the magnetic activity likewise reaches its.
maximum and has the ll=year cycle, which coincides with the cycle of
solar activity. It is likewise established that the magretic activity

. recurs in 27 days, this being connected with the sun's rotation period
around i%s axis. This recurrence is explainable by the fact that som»
solar spots, floccules, and the corpuscular streams asgociated with *hom,
remain in exdstence for long time, throughout the period of several
revolutions of the sun.

AR, ?r

e mo 5 1650 mo“‘mo by ﬁzo 1920

Flgure 10. Solar and Magnetic Activity for the Period from 1830 to 1930 {According
to J.Bartels)
R -« number of solar spots
1 - Index of magnetic activity
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